Background: Regular walking improves overall health and functional ability of older adults, yet most are sedentary. Dog ownership/pet responsibility may increase walking in older adults. Goals of this study were to identify factors that influence older adult walking and compare physical activity, functional ability and psychosocial characteristics by dog ownership status. Methods: In this cross-sectional study, older adults (65-95 years of age, n = 1091) completed and returned questionnaires via postal mail. Measures included: Physical Activity Scale for the Elderly, Physical Functioning Questionnaire and Theory of Planned Behavior Questionnaire. Results: Dog owner/dog walkers (n = 77) reported significantly (P < .05) more total walking, walking frequency, leisure and total physical activity and higher total functional ability than dog owner/nondog walkers (n = 83) and nondog owners (n = 931). Dog owner/nondog walkers reported lower intention and perceived behavioral control and a less positive attitude than dog owner/dog walkers (P < .05). Conclusions: Dog owner/ dog walkers were significantly different than the nondog walker groups in nearly every study variable. Many dog owners (48.1%) reported walking their dogs regularly and the dog owner/dog walkers participated in nearly 50% more total walking than the 2 nondog walking groups, suggesting that pet obligation may provide a purposeful activity that motivates some older dog owners to walk.
Adopting and maintaining regular physical activity across the lifespan continues to be a public health priority, but is particularly challenging for aging individuals who often develop health related problems and functional impairments that limit or prevent participation in physical activity. Many of the benefits of moderate physical activity for older adults, age 65 and older, are related to functional ability and include maintenance of skeletal health 1 and walking ability, 2 prevention of gait disturbance, 3 and reduction in fall risk and injuries, 4 and risk for premature chronic health conditions related to physical inactivity. 1 Dog ownership has been found to be associated with higher levels of physical activity and less disability. [5] [6] [7] [8] [9] [10] Approximately 40% of American households own dogs, 11 but less than 50% of dog owners walk their dogs regularly. 6, 10 Dog owners are more likely to walk more frequently, for longer periods of time, 9 and participate in increased levels of leisure physical activity 9,10 than nondog owners. In a study of mobility disability and physical activity of older adult dog owners, dog walkers were more likely to meet the recommended level of 150 minutes of physical activity (ie, walking) per week and had faster usual and rapid gait speeds than nondog walkers. 7 Walking is the most frequently reported form of physical activity in older adults. [12] [13] [14] As with other types of physical activity, walking decreases with age 13, 15 often due to strength or balance limitations 16 or recent falls. 17 Thus, a cycle often ensues where older adults with impaired functional ability walk less frequently or not at all, often resulting in further deterioration in mobility and walking ability. 13, 18 Recent intervention studies have demonstrated walking to be a simple, yet effective means of improving functional status in older adults 19 despite common functional limitations of aging such as osteoarthritis. 20 In addition, older adults do not have to walk for long periods of time or distance to improve or maintain mobility, 2 but motivating sedentary and/or those with functional ability impairment to walk on a regular basis continues to be a challenge for this population.
Although dog ownership has been identified as a vehicle for promoting physical activity (ie, walking) of older adults, little theory-driven research has been conducted to examine this relationship. 9 Additionally, the factors that predict walking of older adult dog owners have yet to be understood through a theoretical framework. The Theory of Planned Behavior (TPB) has been well-validated in physical activity research. 9, [21] [22] [23] [24] [25] Historically, intention has been the strongest predictor of behavior, accounting for as much as 40%-50% of variance in physical activity behavior 21, 25 and attitude and perceived behavioral control consistently remain the most significant predictors of intention. 9, 24, 26 Only 1 study has used the TPB to examine walking behavior of older adults based on dog ownership status but it did not include a measure of functional ability. 9 This present study addresses several limitations in the current physical activity and dog ownership literature. Few studies focused on an older adult population, 7, 9 included functional ability as a study variable, 7 were theory-based, 9 and limited attempts have been made to identify the factors that influence older adult walking based on dog ownership status. The goals of this study were two-fold: 1) use a theoretical framework to identify the factors that influence walking behavior of older adult dog owners and nondog owners; and 2) describe and compare the type and level of physical activity, functional ability tasks, and psychosocial and demographic characteristics of the sample by dog ownership/walking status (dog owner/dog walker, dog owner/nondog walker, and nondog owner). In addition to the traditional TPB psychosocial variables, functional ability was added since it has been found to be associated with dog ownership 7 and physical activity. 6, 7, 24 
Methods

Participants and Design
The participants for this study (n = 1091) were from a cross-sectional survey study (n = 1104) of communitydwelling older adults. 24 The sample included staff members and/or spouses recruited from a database of retirees from a large Midwestern university that included administrators, scientists, service workers, and administrative, technical, and secretarial support staff. The participants were between 65-95 years-old, approximately half were female, most were either married or widowed and nearly half of the sample had attained education above the high school level. Dog ownership was reported by 14.7% (n = 160) of the sample which is similar to other studies. 6, 10 Following the University Institutional Review Board approval, all participants received a cover letter, questionnaire and a stamped addressed return envelope in the mail. Two weeks after the initial mailing, a postcard was sent to all nonrespondents encouraging them to complete and return the questionnaire. Four weeks after the initial mailing, all nonrespondents received a replacement questionnaire, cover letter and stamped addressed return envelope. 24 Of the 1104 completed questionnaires, 1091 had complete data to determine pet ownership status therefore were included in subsequent analyses.
Measures
The Physical Activity Scale for the Elderly (PASE) was used to measure leisure, household and occupational physical activity over the past 7 days. [27] [28] [29] Leisure-time physical activities included walking outside the home; light, moderate, and strenuous sport and recreation; and muscle strengthening activities. Participants rated the frequency of performing the activity as never (0), seldom (1-2 days/week = 1.5), sometimes (3-4 days/week = 3.5), or often (5-7 days/week = 6.0) and rated duration of that activity as either less than 1 hour (.5), between 1-2 hours (1.5), 2-4 hours (3.0), or greater than 4 hours (4.0).
Frequency and duration scores were converted into hours/day for each leisure activity (frequency × duration). Household physical activity included light and heavy housework, lawn work/yard care, outdoor gardening and caring for others and were recorded as yes (1) or no (0). Paid and volunteer occupational activity, that involved mostly nonsitting activity, was recorded in total hours/ week. Following procedures introduced by Washburn et al, 27 a PASE total score was calculated by multiplying each activity score by the empirically derived item weights and then summing over all the activities. Reliability (r = .84, P < .05) has been established for mail administration of the PASE. 27 The weighted walking and leisure activity scores were used as measures of total walking and leisure activities, respectively. The single walking items were used to quantify walking frequency and walking duration. Dog ownership classification was determined using 2 items. Participants indicated if they owned a dog (yes/ no) and the reason for walking on a regular basis (walk dog, fun, exercise, getting to work or store, and instructed by healthcare provider). Regular walking was defined as walking for 30 minutes at least 3 days per week. Based on responses to these items, dog ownership status was classified accordingly: dog owner/dog walkers (yes dog owner, walk dog as reason for walking regularly); dog owner/nondog walkers (yes dog owner, did not walk dog as reason for walking regularly); and nondog owner (no dog owner, did not walk dog as reason for walking regularly).
Intention was measured by 3 items. The first 2 items assessed likelihood (1 not likely at all to 5 extremely likely), and intention (1 definitely do not to 5 definitely do) to participate in physical activity for 30 minutes each day at least 3 times a week. 24 For the third item, respondents selected a single statement that best reflected current and future intention to perform physical activity. The 5 responses included 1) no current physical activity, do not intend to start; 2) no current physical activity, but considering doing so in the next 2 months; 3) current physical activity, but not regularly; 4) current regular physical activity, but only for 6 months; and 5) current regular physical activity and have done so for more than 6 months. 30 Scoring was from 1 (no intention to perform physical activity) to 5 (regular physical activity for more than 6 months). The 3 items were averaged with possible scores from 1-5 with higher scores indicating greater intention to perform physical activity. Cronbach alpha was .91 for the scale.
Attitude toward performing physical activity for 30 minutes 3 days/week was measured using 7-point semantic differential bipolar (from -3 to 3) adjective scales. 31 Five items assessed the instrumental aspect of attitude (useful-useless, harmful-beneficial, good-bad, worthless-valuable, healthy-unhealthy) and 3 items assessed the affective aspect of attitude (pleasantunpleasant, interesting-boring, enjoyable-unenjoyable). Average affective and instrumental attitude scores were calculated with a higher score reflecting a more positive attitude toward performing physical activity. The Cronbach alpha was .94. 24 Subjective norm was measured using 2 items. Participants indicated their level of agreement (1 = strongly do not agree to 5 = strongly agree) with the following statements: "Most people who are important to me think I should perform physical activity regularly" and "When it comes to getting regular physical activity, I want to do what most people who are important to me think I should do." 31 A higher average score indicated greater influence of subjective norm.
Perceived behavioral control included an average of 3 items. Participants rated their level of difficulty (1 = very difficult to 5 = very easy) and control (1 = absolutely no control to 5 = complete control) over performing physical activity for 30 minutes/day at least 3 days/week and the number of events (1 = numerous to 5 = very few) that prohibited physical activity performance. 24 A higher score indicated more control, less difficulty performing physical activity, and fewer events that prevented participants from being physically active. The scale had a Cronbach alpha of .70. 24 The Physical Functioning Questionnaire 32 was used to measure functional ability. Participants rated their level of difficulty in performing 6 functional ability tasks: stair climbing, walking, getting up from a soft chair, doing light and heavy housework, and lifting/carrying 10 pounds. For each task, participants rated their difficulty (0 = no difficulty, 1 = a little difficulty, 2 = moderate difficulty, 3 = a lot of difficulty, and 4 = unable to do) in performing the task in increasing increments of difficulty (eg, climbing 3, 5, 7, 9, and 11 stairs). For each activity, scores were reverse scored, summed, and multiplied by 5. 32 The scores were from 0-100 with higher scores indicating greater functional ability or less difficulty in performing the functional tasks. An average score was calculated for each functional ability task as well as across all functional ability tasks to obtain a total functional ability score. The Cronbach alpha was .90. 24, 32 Data Analyses PASW Version 18.0 was used for all analyses. Descriptive statistics were computed to describe the sample and quantify the study variables. Correlations were conducted to examine associations among study variables. Differences in the model variables across dog ownership categories (dog owner and nondog owner) were evaluated with Chi square and independent sample t tests. Hierarchical multiple regression analyses were performed to examine the associations between the model variables and total walking for dog owners and nondog owners. None of the independent variables had intercorrelations of .85 or higher and collinearity diagnostics confirmed that no tolerances were .01 or lower indicating that multicollinearity was not found. 33 Last, dog ownership was further delineated by dog walking status which resulted in 3 dog ownership/walking groups (dog owner/dog walker, dog owner/nondog walker and nondog owner). One-way analysis of variance (ANOVA) tests were performed to evaluate the mean differences between the 3 dog ownership/walking groups in physical activity type, functional ability task, TPB psychosocial constructs and demographic characteristics.
Results
Sample and Study Variable Characteristics: Dog Owners and Nondog Owners
The sample characteristics are presented in Table 1 . When compared with nondog owners (n = 931), dog owners (n = 160) were significantly younger, fewer were divorced or never married, and fewer had advanced education beyond high school. Of the 160 dog owners, 85.6% reported they were responsible for the care of their dog and 48.1% reported walking their dogs as a reason for walking regularly.
Independent samples t test results indicated that dog owners were more physically active than nondog owners and reported more total walking (P < .001), walked more often (P < .001) and walked for longer duration (P < .01). The dog owner group walked 7.16 hours/week while the nondog owner group walked 4.80 hours/week. No significant differences were found between the dog ownership groups for the TPB variables. For dog owners, 25% reported not walking on a regular basis compared with 31.4% for nondog owners
Theory of Planned Behavior Analyses
Correlations for the TPB variables, functional ability and demographic characteristics are presented in Table  2 . Functional ability was significantly correlated with total walking and intention as well as with each of the theoretical constructs. All of the TPB constructs were significantly associated with intention and all but subjective norm were correlated with total walking. Age and BMI had small negative associations with intention while gender did not. In addition, gender was correlated with total walking, but age and BMI were not.
Prediction of Walking Behavior. Presented in Table  3 are results of the hierarchical multiple regression with total walking as the dependent variable. Perceived behavioral control and intention and were entered first (Block 1), followed by subjective norm and affective and instrumental attitude (Block 2), and functional ability (Block 3). For the dog owner group, perceived behavioral control and intention explained 16% of the variance in total walking. No additional variance was explained when subjective norm and affective and instrumental attitude were added (Block 2) but in the final model that included functional ability (Block 3), the variables explained 19% of the variance in walking behavior (Adj R 2 = .19, F change = 4.42, P < .05). Intention, affective attitude and functional ability similarly influenced (β = Note. β 1-3 standard regression coefficients for equations 1, 2, and 3. Bolded numbers indicate a P < .05; b P < .01; c P < .001.
.27, β = .25, β = .21, respectively P < .05) walking. For the nondog owner group, 8% of the variance in total walking was explained by the TPB variables (Blocks 1 and 2) and an additional 1% was explained when functional ability was included in the model (Adj R 2 = .09, F change = 16.38, P < .001). Intention exerted the most influence, followed by functional ability (β = .24, β = .16, respectively, P < .001), and affective and instrumental attitude (β = .10, β = -.11, respectively, P < .05). Subjective norm and perceived behavioral control were not predictive of total walking for either group.
Prediction of Intention.
In the first step of the hierarchical regression with intention as the dependent variable, the TPB constructs were entered (Block 1) and functional ability was added next (Block 2). For the dog owner group, the TPB variables explained 47% of the variance in intention to be physically active (Adj R 2 = .47, F change = 36.20, P < .001) and an additional 3% was explained once functional ability was included (Adj R 2 = .50, F change = 10.26, P < .01). Affective attitude and functional ability exerted the greatest influence (β = .27, β = .24, respectively, P < .01) followed by perceived behavioral control and instrumental attitude (β = .21, β = .16, respectively, P < .05). Subjective norm was not significantly associated with intention. Similar to the dog owner group, the TPB variables (Block 1) explained 48% of the variance in intention to be physically active (Adj R 2 = .48, F change = 261.16, P < .001) in the nondog owner group, but once functional ability was included, an additional 7% of variance was explained (Adj R 2 = .55, F change = 42.11, P < .001). Perceived behavioral control had the greatest influence followed by affective attitude, functional ability and subjective norm (β = .34, β = .29, β = .18, β = .12, respectively, P < .001,). Instrumental attitude did not independently predict intention.
Three Group Comparisons by Dog Ownership/Walking Status
Dog ownership was reclassified with the inclusion of walking status which resulted in 3 groups: dog owner/ dog walkers (n = 77), dog owner/nondog walkers (n = 83), and nondog owners (n = 931). One-way analysis of variance (ANOVA) tests were performed to evaluate the mean differences between the 3 dog ownership/walking groups in physical activity, functional ability task, TPB constructs and demographic characteristics. Results are presented in Table 4 . In contrast to the dog owner/nondog walkers, the nondog owners were significantly older (Mean = 75.83, SD = 6.5, age range 65-98 years vs Mean = 72.34, SD = 4.98, age range 66-89 years, P < .0001) and had a lower BMI than the dog owner/nondog walkers (P < .0001). More females were dog owner/nondog walkers (57.8%) than dog owner/dog walkers (50%) and nondog owners (53.7%). The dog owner/dog walkers participated in more total walking, walking frequency, total physical activity and leisure time physical activity (P < .0001) than the dog owner/nondog walkers and nondog owners. The nondog owners walked for significantly (P < .0001) less time than the dog owner/dog walkers. Dog owner/ dog walkers walked on average 9.8 hours/week (walking frequency × walking duration) while the dog owner/ nondog walkers and nondog owners walked for a similar amount of time, 4.91 and 4.81 hours/week, respectively. Of the 160 dog owners, 48% reported walking their dogs as a reason for walking regularly (at least 30 minutes 3 days/week). For dog owner/dog walkers, the most frequently reported reasons for walking on a regular basis (other than walking the dog) were for exercise (76.3%) and walking for fun (48.7%) while dog owners/nondog walkers and nondog owners most frequently reported walking for exercise (38.6% and 55% respectively) and walking for fun (16.9% and 27.8% respectively). The dog owner/nondog walkers reported the highest frequency of not walking regularly (44.6%) followed by the nondog owners (31.4%).
The dog owner/nondog walkers reported greater difficulty in performing the functional ability tasks of walking (P < .01), climbing stairs (P < .01) and light housework (P < .05) than the dog owner/dog walkers. The dog owner/dog walker group had higher overall total functional ability (P < .01), as well as the specific functional ability tasks of performing heavy housework (P < .05) and lifting 10 pounds (P < .001) than the 2 nondog walker groups (dog owner/nondog walker and nondog owner). For the TPB constructs, the dog owner/nondog walker group reported lower intention (P < .01), a less positive affective attitude (P < .05) and lower perceived behavioral control over performing physical activity (P < .05) than the dog owner/ dog walker group.
Discussion
A goal of this study was to use a theoretical framework, a modified TPB that included functional ability, to identify the factors that influence walking behavior of older adult dog owners and nondog owners. This study provides evidence that intention, attitude, and functional ability influenced walking behavior of older dog owners and nondog owners although the explained variance differed by group (19% and 9%, respectively). For the dog owners and nondog owners, perceived behavioral control, attitude, and functional ability significantly predicted intention and explained approximately 50% of the variance. For both dog ownership groups, when functional ability was included in the models to predict intention and total walking, the explained variance increased significantly. Thus, adding functional ability, a variable that impacts older adult walking, to the TPB provides a more parsimonious model that explains more variance in intention to be physically active and walking behavior of older adults than the TPB constructs alone.
In this study, the findings of intention as a significant predictor of walking behavior and instrumental and affective attitude as significant predictors of intention are similar to a study conducted by Brown and Rhodes, 9 the only study using the TPB to examine walking behavior in dog owners. Differing from the Brown study, the results of this study revealed that perceived behavioral control predicted total walking while subjective norm did not suggesting that the dog owners perceived having control over the factors that facilitate or inhibit physical activity performance and were not influenced by important others. In addition, the Brown study included a measure of dog obligation and only examined the TPB variables in dog owners. This study extends previous research as this is the first study to use the TPB with functional ability to examine walking behavior of community dwelling older adults of dog owners and nondog owners. Another goal of this study was to describe and compare the type and level of physical activity, functional ability tasks, and psychosocial characteristics of the sample by dog ownership/walking status (dog owner/dog walker, dog owner/nondog walker, and nondog owner). The results of this study revealed that the dog owner/dog walker group was significantly different than the dog owner/nondog walkers and nondog owners for almost every variable indicating that this group is uniquely different than the nondog walkers (dog owner/nondog walkers and nondog owners) in physical activity, 7,10 functional ability 7 and the TPB psychosocial constructs. Since the initial 2 group analyses revealed few mean differences between the dog owner and nondog owner groups, the findings from the 3 group comparisons provide more specific detail that indicates that dog ownership classification should reflect both dog ownership and dog walking to capture differences between the groups. In this study, the reason for dog walking was not examined, but the findings suggest that pet obligation (ie, walking the dog) may play a role in motivating some older dog owners to walk their dogs although other factors, such as safety, social support, or companionship may also be associated with dog walking.
The finding that dog owner/dog walkers participated in more total walking, walking frequency and duration, total physical activity and leisure physical activity than the other 2 groups is in concert with other studies 7, 10 although previous studies have found that only 25 to 40% of dog owners walk their dogs at the recommended levels of 150 minutes per week. 7, 10 The dog owner/dog walkers in this study participated in nearly 50% more total walking than the 2 nondog walking groups. Interestingly, the dog owner/nondog walking and nondog owner groups were similar across all physical activity parameters.
Functional ability was a significant predictor of intention and walking behavior regardless of dog ownership/walking status although dog owner/dog walkers had less difficulty in performing most functional ability tasks than the nondog walkers (dog owner/nondog walkers and nondog owners). Physical activity has been identified as an important predictor of functional status in older adults 2, 34, 35 and when performed regularly, can improve functional status leading to a higher quality of life in older adults. 36 Older adults who participated in 20-30 minutes of moderate-physical activity most days of the week maintained or improved functional status better than older adults who were simply active throughout the day or inactive. 34 Regular moderate physical activity, including walking, may prevent or mitigate functional limitations frequently experienced by older adults as they age. 37 However, in older adults, improvement in performance of activities of daily living due to physical activity is likely related to the amount and duration of physical activity performed over time. 35, 37 In a longitudinal study of older adults in the Health, Aging, and Body Composition Study, dog walkers who walked at least 3 times per week at baseline were twice as likely as nondog walkers to walk at least 150 minutes each week and had faster usual and rapid gait speeds after 3 years. 6 Since walking is considered to be easily accessible, convenient, and does not require specific skills, clothing, or equipment, [38] [39] [40] dog walking may be a fruitful avenue for future interventions for older adults.
When interpreting the results, the following limitations should be considered. As with any cross-sectional design, causality cannot be determined thus a longitudinal design would be beneficial. The data collected were selfreport and under or over-reporting of the study variables is possible especially for physical activity, a socially desirable behavior. However, in this study, social desirability was not found when examined using the Crown-Marlowe Social Desirability Index. 24 Although the PASE has been found to be a reliable measure of physical activity in older adults, the exact walking frequency and duration could not be determined since the PASE includes scales rather than specific minutes or hours. In this study, the use of an array of self-report measures provided additional information (ie, level of perceived difficulty performing specific functional ability tasks such as stair climbing) that would not have been obtained via objective measures alone; therefore, future studies could include both objective and subjective measures of physical activity and functional ability. Like many physical activity studies, generalizability of the findings should be considered in the context of the sample and potential seasonal effect of physical activity. Although the sample size was large, many of the participants resided in the Midwest region of the U.S. and the study was conducted during the spring and early summer months. Future studies should be of long enough duration to capture physical activity patterns across several seasons and recruitment should include strategies that result in a more geographically representative sample of older adults.
Last, other variables that effect walking (dog walking and nondog walking) should be included to increase the explained variance when using theoretical frameworks. Only 1 participant per household participated in this study, but it is unclear whether another individual from the household walked with the study participant and dog thereby possibly increasing walking duration. A measure of social support could be included so that these relationships could be examined further. In this study, the reason for dog walking was not examined, therefore other variables that impact dog walking should be included in future studies. Other factors that may impact dog walking of older adults could include fatigue, pain, dog characteristics (ie, size and age of dog), and neighborhood environment and these may vary by dog ownership/dog walking status. Greater understanding of the factors that influence older adult walking may lead to tailoring of walking interventions that facilitate greater adherence to physical activity (ie, walking) participation.
There were also several strengths of this study including the use of a theoretical framework in the original design of the study; use of reliable measures developed for use in older adults such as the TPB instruments, 24 Physical Functioning Questionnaire 32 and Physical Activity Scale for the Elderly; 27 and the large sample size of older adults which enabled the examination of the study variables by dog ownership groups. Another strength was the use of the Physical Functioning Questionnaire as it measures common functional ability tasks (walking, stair climbing, performing light and heavy housework, lifting 10 pounds and getting out of a soft chair) in increasing increments of difficulty (ie, difficulty climbing 3, 5, 7, 9, and 11 stairs) thereby potentially providing a more specific and representative account of participant level of difficulty performing each task. In addition, many of these functional ability tasks require lower extremity strength and endurance that are often required for many activities older adults encounter when living independently in the community. Thus, this measure may provide a more representative measure of functional ability in community-dwelling older adults.
In summary, regardless of dog ownership status, the addition of functional ability to the TPB provided a more parsimonious model that explained more variance in intention to be physically active and walking behavior of older adults than the TPB constructs alone. The dog owner/dog walkers reported higher overall total functional ability, as well as the specific functional ability tasks of performing heavy housework and lifting 10 pounds than the two nondog walker groups (dog owner/nondog walker and nondog owner). For the TPB constructs, the dog owner/nondog walker group reported lower intention, a less positive affective attitude and lower perceived behavioral control over performing physical activity than the dog owner/ dog walker group. The dog owner/dog walkers participated in more total walking, walking frequency, total physical activity and leisure time activity than the nondog walkers. The dog owner/ dog walkers in this study participated in nearly 50% more total walking than the 2 nondog walking groups suggesting that pet obligation (ie, walking dog) may provide a sense of purposeful activity that motivates some older dog owners to walk, although other factors should be examined (ie, social support, safety, or companionship) to further tease out these important relationships. Further examination of the influence of dog ownership, functional ability, and psychosocial factors on walking behavior of older adults is important to create effective, theory-based physical activity interventions that improve the health of older adults through physical activity adherence.
